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ESN The draft tests described in this report were made’ under the 
direction of R. B. Gray, Chief of the Division of Mechanical Hquip- _ 
ment. Thayer Cleaver, Junior Agricultural: Engineer, assisted in tests 


made during the fall of 1928, 


INTRODUCTION 


There is widespread interest in the development of more efficient 
plows for corn borer control and other purposes. While quality of work 
is of first importance, draft influences the cost of operation, and must 
be given serious consideration. 

Kinsman in Department Bulletin No. 1348 "An appraisal of power 
used on farms in the United States" estimates the power per annum for 
plowing and listing at 2,500,000,000 horsepower hours. A saving of even 
a very small percentage of this power would make a sizable reduction in 
the annual cost of these operations. The findings from tests presented 
herewith, show that in some cases packing of moderately moist clay loam 
soil by implements was responsible for as much as 20% of the total draft 
of the plows tested, while variations in weight and whecl arrangement ac- 
counted for changes up to 12% and mieroren eciie type of plow bottoms for 
changes of 10% in draft requirements. Therefore, it seems possib? to 
achieve sizable savings through improvements in design and operation. 

Of still greater importance are proper treatment of soil, and determina- 
tion of the right time for plowing, which may effect savings in draft of 
30% or more. 

Need of a measure of soil resistance. 

Experience has shown that local peculiarities and variations in 
the soil are large, and changes occur so quickly as to introduce into the 
test work unknown factors vies ies tho data. For this reason a body | 
of test data taken under reasonably uniform conditions is Rien more valuable 


for comparative purposes than an equal amount of data gathored in more than 
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Bee cari ce x ee aes special precautions have been taken to relate 
the work by means of indices of soil characteristics or by use of one or 
more similar plows in each series of tests. -& ready means of measuring 
soil resistance directly is needed to harmonize data obtained in any com- 
prehensive serics of tests as well as to make possible valid comparisons 
between data collected at different times or places. 

At present, the best mechanical. means of | comparing results seems 
to be by use of a check plow run at frequent intervals during the test 
series, This plow should be kept..in uniform adjustment and operated after 
every second one of the plows tested, or possibly after every one, depend- 
ing on the time elapsed between tests in a series, and on uniformity of 
fiela conditions. In this way a comparable measure of soil resistance may 
be obtaincd. Keen (7) makes a similar SPREE hated craats made by oye 
various experiment stations would. be much more valuable if all would follow 
a Atel practice, agreeing on some plow as a check and making its use @ 
part of all testing programs. ‘The principle applies to: tests for either 


draft or coverage. ay 
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awe Tests at the Rothamsted Station show that the soil resistance over 
a field that appears to be uniform may vary considerably. Isodyne maps _ 
(that is, maps with contours of equal draft) were constructed to show the 
variations in soil resistance for several fields. Two .methods. are suggest- - 
ed for use -in-correcting for soil ‘variations: (a) use one imploment in 
each plot asa check; {b). construet isodyne ips for the test fields. . It, 
was found that ths isodyne. in general are unaffected from season to season . 
eat dona factor Q. 897), For general use the first of these two methods 
S preferred, since comparative. draft tests may be made in one season, 
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The Committee on Soil Dynemi¢s of the American Society of Agricul- 
tural Engineers in its 1931 report recommended that in addition to the use 
of a check plow, the following soil properties be measured in future draft 


tests: 
A. The plasticity of the soil, as estimated by the Atterberg 


plasticity fonts eek 

B. The moisture content. 

C. The volume-weight (apparent specific gravity). 
tost_methods should consider separate factors. 

In a dctailed study of the draft of plows, the effect of each var- 
iable factor should be studied scparately, so far as possible. In addition 
to soil properties variable factors may include among others, proportion 
‘of soil ‘area packed by the tractor to total area plowed; wheel equipment 
and weight of plow and tractor; type of plow bottom equipment; type of plow 
attachments; and adjustments of plow and attachments. 

“Value of correlation methods. 

In the absence of adequate data regarding separate factors, analy- 
Sis of available data by correlation methods Nonecthe faders trends 
of the factors involved, gives a view of progress, and lays the groundwork 
for. a more careful study of the important factors in future experiments. 
‘The system of plow bottom measurements described by Ashby (2) provides a 
basis for a correlation study of the effect of shape on both draft and 


coverage. 
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2/ The Attorberg plasticity number of a soil is the difference ex- 
pressed in per cont betieen the least amount of moisture necessary to allow 
a small mass to flow slightly when jarred and the least amount of. moisture 
required to roll it into a wire 1/8 inch in diameter without crumbling. 

See reference (8), p. 23. 
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NATURE AND SCOPE OF DRAFY INVESTIGATIONS 
The chief purpose of the draft tests described herein is to outline 
methods for more conclusive studies in the future. The relative -importante 


of the factors affecting draft was not well understood when the first ser- 


. ies of tests was begun and insufficient attention was paid to soil charact- 


eristics in the fields whero the tests tere made. Methods were improved . 


progressively as the work developed the necd for additional information. 


. Though the data available have been analyzed carefully, it should be under- 


stood that the findings represent provable and not proved relationships. 
Draft records of 25.plows were obtained in the fall of 1928, in 
connection with the coverage experiments described in (1). An oil-cylinder 
type of recording dynamometer and medium-weight whecl tractors with spade 
lugs were used and records were made at both 6-inch and 8-inch depths. 
Hach plow at each round crossed plots which had been single disked, doubie 
disked, and rolled with cultipacker, as well as one to which no treatment 
had. been given. The corn had been: picked with a tractor-drawn mechanical 
corn picker. Usable draft records were secured for £2 plows at 6-inch 
depth and for 21 at 8-inch depth. The average distance traveled in making 
cach record was about 2,000 fect. Ten plows were tested at 6-inch cepth; 
at two rates of travel --23 and 3} miles per hour. In all‘tests the plows 
were equipped with standard rolling colters, jcinters, and covering wires. 
During vune and suly L931 a group.of oS varszacie speed urartt 
tests were run near Toledo, Ohio. The soil is a clay loam. The field was 
last plowed during the spring of 1927. No crop was put in that season or 


since. It was necessary to mow the weeds, then partly fill the old dead 


pa tee 


furrows by disking before tests could bo made. All preparation work on 
the ficld was done at right angles or diagonally to the direction in which 
the test furrows were to be eg eaitts so taat all tosts crossed the wheel tracks 
and were uniformly pecked. Records were obtained using two plow bottoms 
in test frames, two sources of power, and at three conditions of soll mois- 
ture, thus dividing the tests into six scerics as shown in Table 8. In these 
tests the vlows were cquivped with standard rolling colters. Special cquip- 
ment used for the tests is shown in Figures 1 to 4: 
A number cf comparstive tests to obtain information about the ef- 
fect of plow attachments on the draft; relative draft of 1, 2, and 3 bottom 
plows; draft of plows of various sizes; and effects of disking, doubli 
disking, ctc., on draft, were made in the spring of 1928 on sandy loam and 
clay loam soils using ‘an Iowa integrating dynamometer. These tosts were 
mide in corn fields from which the stalks had been removed, leaving 8-inch 
stubble. 
ANAT YSIS OF THE 1928 TESTS 

On account of local variations in soil resistance end irregular- 
ities in the surface, such as the position of the corn row with respect to 
the colter and jointer, thera are considerable variations in date from in- 
‘dividual tests. It is thought, hovever, that the averege draft on tho 
eight plots'of Ficld No. 1 (Sce Table 1) is a fairly réliablo index of the 
comparative powcr requirements of the plows tested when proper allowances 
are modc for variations in soil resistance due to moisture, as discussed 


under "Effect of rainfall on soil’ resistance". 
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Table 1.~ Summary of draft of plows for Field No.1 in pounds per square inch as 
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* Corrected to average basis 


‘The draft ratings given in Table 2 then matte ate nie Compa See 
power ‘roquirenents of ‘the. 21 plows for which’ Ventas draft records 
were obtained on Field No.l and form the basis for a study of the effect 
of packing by Onan wheels upon oak Plate: and of weight of plow, 
type of rear support, and shape and size of plow bottom upon the power 
requirements of the various plows. The mo thod of graphic correlation: Fk 
described. by. Bean (3) was followed: in making this analysis. 

Soil and weather conditions. 

‘The soil of Field No.1) which lies about 4 miles west of Dundee: 
Michigan, is a derk clay osu wolnindora seine: and fairly well supplied 
with organic matter through use of sweet clover in the rotation and return 
of crop residues to the soil. ‘The fiold is almost a and Blerst very 
uniform, Pioteh) as ee Saye “progressed noel differences in charecter of 
the soil were noted. Plow fosce were LEO. in ee field on pega 
Le 1928, but at that time bene gous Was so ae and hard that setisfactory 
Cee of stalks was impossible and draft was very high, plow No. 19 | 
requiring 15.pounds pull per ea inch of furrow: cross- emus th Work 
was. stopped until rains, commencing on idetier oat ee “softened: the soil. “The 
distribution of this rainfall, peas 5), was eey ee Government» 
redeae at Toledo, Ohio, about 30 miles southeast of the field, and chocked 
with the record of the Corn Borer eater Ga at Monroe ; Seelices about a 
miles east. ‘During the two weeks. required to complete the tests weather 


conditions fluctuated less than is Mean at this scason of the yeer. 


‘Table 2.- Description of plows used in draft tests on field No.1 





we | rae Mita Mewaleht ry hot ut Depth’ | Tesh mye wm goad 
Plow : Size : Draft :Packed {> per : Type : at : Angle 
No. : ere eis DY eNO ies. Of : Mid- ae aNe 
‘ : sPractor’ } Furrow “Rear section ; 3 Inch 
: ; aces neLLEce eR Ratio : Contour 
ee: Reeihian Parc cent: “Fer ‘cent: ~ Pounds el Nene on ont Dearne aalee 
ah Tee ee ttl, * LOG? 5 48 3.6 A a eo me ae 
3) PeieLe=LoCn ) 2 cog ce 48 3.4 A : ees 43 
fe 72. 14-inch : Le Wa ae 41 eh Ake B aoe 8 38 
4 22 14-inch : LOT Ly rks 4,9 B RoE ANE 40.5 
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6 sea L4-—inch °: oor 41 Dall A 97 28 
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16 72 16-inch ; A a So 4.4 Cc 2 On: 42 
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18 a SG ole 6 es 36 Be C A 12 ae 4]. 
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P/U hea Na Heme Wheel. | 
B - Rear Wheel---tncomplete eons 
C - . Rear Wheel---Pull Suppors 


Data presented in Table 3 suggest that pLows\\Nos. 25:9, (LO see 
23, and 24 are about averags plows, as far as dratt is concerned; that 
plows Nos. 3, @, and 14 vequire more than average power; and that plows 
Nos. 8, and 15 require less tian average power. 

EFFECT GF RAINFALL ON SOIL RESISTANCE 

In Figure 5 the average drafts per square inch (Tabie 1) are plotted 
according to the dates ee the testis were made. At the top of the 
Bratt ol plotted the cumulative rainfall. It will be pipe that a close 
relationship Hee eee soil moisture and draft, for a Octo ber: 1a, 
when the ground was ae dry, the draft of plow No.19 was LS pounds per 
pnede inch, while on November 1 the draft of the same plow was only 10.5 
pounds per square inch. The grouping of the points Aiueences howevoraae 
especially eee single poorer ore Pebnesen ole circles rare diel 
regarded, that the aout resistance ie ait its mirinum on October 25 and 
Sonmetimadi ately aot ge the Rete then A ed cre igeeseeen as the mbetise 
evaporated es aicue kates the subsbit until further rains cours on 
November 2. ‘The dotted line iindieates the probable changes in soil resist 
ance in this field ee the eat perio. 2 | 

Rainfall of 1.3 inches between October 15 oat ee inohaeaee the 
moisture content of the top 8 inches of scil by not more tbe 10%, plat in 
ing rather than wetting it, yet this change reduced the soil BF fad x 
by about 40%. This indicates the great importance of plowing when soil 
conditions are right, while the rapid rise of the curve aftcr the rain 


suggests how quickly conditions may become unfavorable, 


rm 











Table 3.- Comparative draft of plows run side by side and average 
: draft per square inch 
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PLoWwi:. Sandy : ~ Sandy : Clay ic) Glay ¢ Clava: Clay 
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- v Ratio : Ratio : Ratio Ratio : Ratio : Ratio 
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8 -- 100 -- -- me 89 
9 95 -- : -~- 3 -- 3 “= Ara 
14 108 me -- -- 3 -- -~ 
1.5 me “o -— 84 me oe 
16 -- -— —— 9E -~ se 
19 a 98 aA aa fee pret _— 
ao : -- = 99 -- Oa oo 
24 97 95 Sea ae -- 3 97 a 
Ave.Draft oh : : 
Taree : : : zo at 
peresd<an, » 5.04 : 6.05 ea een Oe Le), be ee ee 
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Note; Depiis of plowing were between 6 inches and 8 inches. Plows in 


Gach field were run at approximately equal depth. 
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The discussion of soil pease eee by Nichols (9) is Poros 
ing in this connection, chough ihe estimatcs of cffects of soil changes on 
draft are included. It appears from the data presented that reduction in 
draft within ths gt bird Geeneel Coree cones oy these tests--probably 15% 
to 25%--takes piace as the Poe of the loosening of the epson films 
rather than from changes in iriction,. Sue data on the compressive wee ih 
of Gila clay loam, prosentel by Robaina (4) shows an interesting .comparison 
with the present case. His data ene cnat as the moisture in the specimens 
tested increased from ehoeel DG a aeateet 19% the compressive ise: 
dropped from 100% to Bote 65%... | 

EFFECT OF PACKING ON SOIL RESTSTANCE 
Packing by tillage machinery. | | 

Oompanative testa ae ne oe power and dratt were made in several. 
fields where part,of: the lend had been disked, part double disked, and 
part rolled with the cultipacker to: flattcn the stalks before plowing. 

The implements wero tractor-Crarym in all cases. Table 4 presents ‘some 
results of these tests, expressed in percentages of the draft on the un- 
treated portions of the same ficlds. 

Variations in soil typo doubtless account for part of the irregu- 
larities in the data, but it soems clear that working clay loam soils with 
tractor-drawn imploments, wnen damp or moist, causes a net increase in 
draft, though this did not appear to be the case in the field that was 
worked when dry. It scoms likely that this increase is caused largely by 


the tractor. 
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Table 4.- Comparative, effect on draft of plows of tillage 
treatments on clay loam soil before plowing 
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eens :Condition: tie ees Tg a , treatment. before, PLOW n eae ea 
Field ; when : “Nene 4 Single : ‘Double ise “Rolaed 
Perms cerbede ke dipked v2 ydiskeds iW gccgee | Nw Se 
: Pex Se Per COluv.usrer.ceny “s Per cent 
A 1/ : Damp - sree OO) 1s Ht 126 ae _~ 
No.1 2/ : : ; : : 
Ceigabopune Moist 37100 3 s# 99). Ph": 107 ae 100 
No.1 : : bs : : 
8-in.Depth: do . ee LOU ere LO? Sas aes ye make Toi 
Hae ee AVG: => eB OOMER EMALOS GUN. mmeL Le a 105.5 
No.3 : dal Dah : : ; 
6-in.Depth: Dry eerLOCm 105 : 99 : 99 
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a A single-bottom 16-inch plow used in Fieid A. 
2/ Averages for Field 1 include 17 two-bottom, and for 
Field No.3 include 6 two-bottom plows. 


” Packing by tractor wheel when plowing. 
A short series < een pods on moist clay loam soil in the 
eopring of 1928 ‘to determine the Denti ee aratt of 1, 2, and 3 bottom 
“plows. A ponvectible plow using De OL oO bottoms was operated at 
about 7 inches Een ae meses of Pad ae per hour, using a light 15 - 
27 tractor mae spade tle Draft was recorded by the Iowa Ear onsticke. 
‘The draft and meter of the plow and the percentage of ae width 
packed by the tractor wheel anaert the feta ‘set-ups are ‘given in Table Oo. 
Three Por esioa) namely weight of ere amor-nt of side draft, 
and Priest nere of packed eth pias Se are ene, in the greater 
~draft-of. the single bottom plow, though part of the side draft was 


carried by the tractor. - After making allowance for.side draft and 


ey abies 


Table 5,.- Comparative deta for’a convertible one to 
three bottom plow 


= ee cet ee ee ne rere ee ea Ln a eS ee ee ee mee smn 
Ee ieee ee ee ene ere es arene: naar r 


Number and : Weignt per :Plowod and ~ Draft per 3 
SiZG.0f wees. ine) of spacked .by [sQ. Inch (Ot See tani 
bottoms +: furrow -:slice:tractor wheel: furrow slice et. draft. - ae 
‘Pounds: Per cent: “Pounds: Por cent 
1 - 16-inch 6,25 : v2 2) Ea Magee : 120 
e - 16-ineh 4.29 : 36 ‘ : VP yBe> 2 eee a 
3 - 16-inch 3.50 : 24 : 6.10 : 83: 
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weight of plow it seems probable that at loast halt of the differences 
in draft are due to packing of the soil by the tractor. 

The offect of packing by the tractor while plowing was also studied 
for Field No.1. The draft of the plows shown in Figure 5 is expressed in 
percentages of the soil resistance in Table 2. Tt will be noted Eee 
variations from the average of the double eS run from 91% to yee while 
the drafts of nes single bottom plows are from 1154 to 121g of the 
avorage , showing some anloe difference between the double ona single 
types. “Weight , area cate, and percontage of ae pacers by tractor te 

wheels seem to be Poanenni ce for this, the latter factor probably boing, 
most important. ue Therefore, in Figure 6, tho draft expressed in per- 
oo eae is plotted against poreont of ages: Bane Oy oe loft Pere 


wheel. The Pranh inet cats clearly that packcine iiss the tractor eae te 
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the draft. ie 
3/ Except when they run-in the,-tractor ‘track, the percentage of power — 
used by colter and jointer is approximately tie same whether a plow has 
onc or three bottoms. This is true of ithe convertible ‘plow diseusscd 
avove , and in cases where single-and double plows use bottoms of the same 
size. It is this group of plows that best shows the variations in draft 
due to packing of the soil. : 


hh ties 





Location of linc in Figure 6 shoving influence of packing. 

** Stiay of Table 2 shows that a wide dines tees only has a comparatively 
small por cent of its furrow packed by the tractor wheel but usually weighs 
less per square inch of eT tee then a Beta ee In sadn etn) plows 
12 and 22, el represented by extrome points in the scatter tvs may be 
expected to require more than no mie] draft since they do not havc rear wheels. 
Therefore, the line representing influence of packing on draft must be ee 
to make allowance for the influence of. these two other factors. The dash Tine 
marked "first approximation" was drawn with these polars in mind, passing 
approximately through the center of the group of retnes! and having a slope 
slightly ereater than the line pased on packing by tillage implements before 
plowing. The “second approximation" was arrived at after eheondadaratien of 
the effects of weight, type of rear support, etc as discussed in later 
paragraphs, and takes almost Beectly. the slope of the line for packing by 
tillage implements. For a full description of this method of graphical 
analysis see (3). 

“EFFECT OF PLOW CHARACTERISTICS ON DRAFT IN FIELD NO.1 
Weight of plow. | : | 
“The weight of each plow was expressed in pounds per square inch of 
furrow slice by dividing total weight by its Er teee ores ancy anes area of 
furrow slice. Figure 7 shows ‘that an increase in ~voight of plow from 3.0 
pounds per square inch. of furrow ane to 5.0 panera r square inch in- 
creasod the draft by aha; or, based on the Bveraee draft in this field, the 


draft duc to woight alone incroasod at the rate of .185 pound por pound of 
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4/ To correct for the effect of side draft on the single bottom plows, only 
two-thirds the variations from normal were plotted for plows 12, 20, and 22. 
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total weight, which is relatively small. | Draft due to ly of a single 
bottom 16-inch plow weighing about 700 pounds would then be about 1350 pounds 
which compares with 100 pounds reported by Collins (5) for a similar plow 
running ‘light, This ceems reasonapic, for the distribution of the load 
between rolline see sliding friction may very likely change when the plow is 
‘at work. 7 

‘Dype of rear support. 

Piaesit cation of plows with rear wheels as between full support and 
incomplete Snare isa little unsatisfactory since soil conditions, hitch. 
adjustment and set tas vheel all arfect the bearing. Eyer those plows 
listed as having fall an did not carry all the weight on the wheels . 
all chev eine. Sieure 8 eats that a rear wheel giving full support 
reduces the draft about 70, as compared mate a similar plow having no rear 
wheel. | | 
Plow bottom shape. 

The arrangement of the points about the second approximation line in 
Figure 8 shows pln ta i from 9% plus to 10% minus. It may be assumed that 
these deviations represent the variations in draft due to plow bottom shapes, 
after the effects of soil Tosieenoee enero weight, and type of rear 
support have been eliminated, and include whatever accidental errors may have 
occurred during operation. While oe pare of the deviations are unimpor- 
tant and bear out a statement by Collins ioe that "The type of bottom 
does aaoaneeeeks influence the graft,” novortholess the maximum deviations. 
are large encugh to justify a study of these, factors. 

Binds it is generally accepted that a major part of the work of a plow | 


is done by the share, the shares of all plows tested were examined with 
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respect to shape. All shares were new and in good condition, and the 
shapes of the points were very much the same. ‘No gencral tendencies in 
shape of points wore found to satisfactorily explain variations in the 
draft. 

The horizontal angle made by the cutting edge of the share with the 
direction of motion varied from 37 degrees to 46 degrees and the angle to 
the direction of motion made by the contour line drawn 3 inches above the 
plow sole varied from 27 degrees. to 43 degrees. A slight decrease in draft 
was noted in connection with the smaller angles on the 33-inch contour line, 
but neither set of angles seemed to have an important influenco on draft. 

A study Was made .of the relation between draft and the shape factors 

described in "A Method of Comparing Plow Bottom Shapes" (2). ° As shown in 

Figure 9, there appeared to be a well marked relationship betweon draft 
sp the slope of moldboard at the mid-section, those ae having the 
steeper slope, in proportion to ie size, Sis rae Honyilee drafts. 
There was no ee ne CNS as to other factors oe influence draft. 
"Size of plow botten: 7 vy: 

The fai ue cene aug ae that size of site potion nasal ens see 
on draft. However , the data are complicated by the ever colters and _ 
jointers on the plows ‘since one colter and reeks of cach 12-inch and 
16-inch plow ran squarely in the. ‘path of one tractor wheel; one colter and 
jointer of each 14 ‘inch plow ran, just at the inner: era of the wheel track; 
niig neither colter nor jointer of the 18-inch plows followed the whcel 
track. Soil Weatetaico in the wheel track appears from Figure 2 to have 


been about 25% highor ¢ can chat of “unpacked earth. 
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EFFECT OF DEPTH OF PLOWING ON DRAFT 

.. Seventeen of the ‘two-bettom plows tested in Fisld No.l were run at 
both 6-inch and 8-inch depth cn each of tne four soil treatments, as shown 
in.Table 1, . The: soil:hed beer workod to 8-inch depth for Searles years 
and was fairly uniform throughout the furrow Teicey The mete of draft 
per inch width of cut at 8-inch depth to those at 6-inch depth, ane 
according to size of plow are shown in Table 6. To find it there sates ts 
general change in the level of soil resistance at the two onds of the Pioia, 
_the draft near the dividing line between the two depths was Se from the 
records so thet in most’ cases corresponding readings were obtained for 
points only about 100 fect apart. The results indicate that soil rosistance 
was slightly higher: at the end of the field where the 6-inch sae oe made. 


Table 6.-— Ratios of draft per inch width of cut at 8-inch : 
depth to draft under similar conditions at 6-inch depth 


Number : Size Soil treatments before plowing: sAverage of 


of plows: of :None : Single : Double : Rolled with + Average :records of 
in group: plows : : diskec : 1. cud bi packeE: sch :center line 
MN einen’? Loge cone 1.14 eG oe f : 1,07 $120 
ee Ure tie: oo, es vo aaah ; 1.18 : 1.20 
i ; 16-inch : 1.04: 1.13 1.16 1.18 1.13 : 1 eee 
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wR YS 1.07 mer) 
‘Table 6 indicates that 18-inch plows are slightly more efficient for 
deep plowing than 16-inch or 14-inch plows. It is unfortunate that only 
one 12-inch plow was tested, since soil variations probably account for the 
small increase in craft at 8-inch depth? 
The data also indicate that under uniform soil conditions an increase 
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of 33% in depth (from 6 inches to 8 inches) resulted in an increase in 
draft of only 14% or 16%., This seems in accord with the results:of Collins' 
experiments (5) showing that De. i, of the draft is expended in cutting 
loose the furrow ee 20% in moving the Mar ann) only 30% in turning, the 
furrow. If the plows had. run seer ce the old plow ee ce he: probable bt 
the draft at 3 inches depth vould have been much ercater on account of the 
greater stiffness of the subsoil. ’ Data obtained in other Piblds were s0 
inconsistent, apparently from this cause, that they are not ica dentaakatere? 
EFFECT OF SPEED ON DRAFT 

A series of tests yas made ‘in the fall of 1928 to find the compara- 
tive draft at 24 and St mites per hour, other conditions being the same at 
both specds. The soil was similar to that- in Field No.l. Each plow cross- 
ed plots of standing, single disked, double disked, and rolled stalks at 
Hee speed, and e similar set of plots at the other end of the field at high 
"speed. Soil and weather ‘variations peered ee rosul is, end there were .. 
_ variations in speed, eines there was some ee especially with the c 


larger plows, for the tractor, ‘to slow ‘ip a littie in hard ground. The data 


* i 


are shown in Table 7. 
| The average draft of the whole gtoup shows an increase of 8.6% at 
nf higher speed, and thé average of thé 14-inch‘ group shows a 10.6% increase. 
Greater Penees of speed were possible in-tho-tosts run during che 
aries of 1931, in the field described on p. 5 +. Since it was not possible 
to hold moisture conditions constant each of the series shown in Table 8 was 
run in from one to two days, thus giving very little time for moisture 


changes, but more time necesserily clapsed between the scries, thus account- 


ing for the moisture variation. The draft increased as the per cent of 


ANON ieee 


Table 7.- Relative draft of plows at specds of 2% and 3+ 


Plow No. 


ae) 


Average of 


a ee 


miles per hour in Field No.2 at 6-inch depth 


: Draft at 


“Draft at 
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Table 8.- Summary of data obtained from tests made in 


ee ee ee 


: Number: 


‘Series: Bottom: of 


No. 
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Aig In these equations: 
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: Speed 
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:Moisture: 
:content 
SORCSOL rane 
:Per cont: 


: Equation 


L000 § ¥ = 5655 
BS Gis ve) wl een 
23.0. <7 = 3.86 
25.0 -_ Y= 5.43 
20.4 %: y = 6.46 
20.4.3 ¥ = 5.98 


awe 


"Size nes 2pm. pets {ieee soaeiine ps tis 
:Pounds per sq. in.: Pounds per sq. in. 

2-14 : 9.69 ; 10.14 
2-14 < 6.98 ; Sine 
2-14 : 8.97 : 10.00 
2-14 : 9.78 : 11. ae 
2-16 7,45 : 8.91 
2-16 6.76 7620 
2-16 7.68 feel: 
Boe LGa ene Ot metry 

8.51 9.24 


Field No.9 
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y = Draft per square inch of furrow slice cross 
section expressed in pounds and x = Speed in miles por hour.. 


moisture in the soil decreased. When the moisture ‘content dropped to 


“20.4%, ‘the increased draft.caused. excessive slippage of phe left Pega wre 


Ce 


“wheel. This Toosened: the top soil arn EES was the reason for the 
eset, bein lower in series 6 than in “Ene: cable téats (series. a Saha bo 
were run sahneayca bee ‘Seriés of tests were run Coren using: ax 
standard light prey eh a cable draft arrangement. (Figs. 3 and: 4). 

_ Figure 10 is a scatter diagram for one series of tests. A’ study of this 
_ diagram indicates that -the data for this ee as séries might better 
be..fitted by a parabolic. torm.of curve, a: since the data for the other | 
five series do not show this tendency a ERE pasa of best fit, as 

*, determined by the method of least squares, is used. The curves determined 
.- by the data for the six series of draft tests are shown in Figure ll. 

A study of these curves and Table 8 indicates that the average in- 
. erease in draft with the two bottoms used was 1.17 pounds per square inch 
of furrow slice for each mile per hour walehacle il in Be This is a 
higher rate of increase than was. found by Collins sje sspareyse on account 
of differences in soil. The bottoms eaet of ae in common use. It 


seems probable that bottoms designed for high speeds would not show such 


. a high rate of increase in draft. 


EFFECT OF PLOW ATTACHMENTS ON DRAFT 
Three short series of tests were made in the spring of 1928 to 
find the effect of plow attachments upon draft, with the results shown in 
Table 9. Highteen-inch colters were used on.the 18-inch plows and 16- 
inch’on the 16-inch piow. Jointers were of medium size of the type fur- 
nished for corn borer: plows, and. cleared a strip averaging about 4 inches 


wide: next to the colters. Two wires were used. 
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Table. 9.- Effect of plot attachments on draft 





Type : Depth : Size :Colter :Coltor “Colter” “SColter sJointer :Jointer 





of: art Sot ancot yuan ; and : and f Ohl yee ueencee *. / OnLy 
_soil : plowing: plow :& wires : jointers:wires i, wires 
: Inches : Par cent:Per cont:Por “cent: Per cent:Per cent:Per ~ cent 

Sandy : ay pe : ile eee : : : 

loam; 7 — 8 :18-inch: 100 : 9814-2" (90 § 88 : OB eS rey. 
Glay : $ Pars : a : ; : 

loam : 6 - 7 :18~inch: 100 : -- 3 93 ; 95 : -- 3; -- 
Clay’ ; : : : SS : : 

loam : 6 - 8 :16-inch: 100... : wie ee air Ony imamiece © -3( OC) amuse Sti $ pela 
Average. 7 : +1) 306 : 98 3: 93 : 91 t g8 ; 87 


From these data it .appears that two 10-foot covering wires increase 

the draft about 2%. Other tests indicate that three wires pull very little 
' harder than two since they usually wrap together and pull through the soil 
as a unit. It appears that the ordinary jointer used for corn borer con- 
trol absorbs about 7% of the power when used with the coulter, and that the 
use of jointer alone requires less power than coltcr and jointer together. 
It scems probable that colter, jointer, and wires together absorb between 
10% and 15% of the total power. In view of Hine value in covering trash 
this is power well spent. 
CONCLUSIONS 

For economy of power, plowing should be done during relatively short 
periods when moisture conditions are best. Plowing done at these times also 
produces the best seed bed with least work and covers trash most completely. 

Packing of moist Be eee by tillage daewinere definitely increases 
power requirements for plowing. This increase iakeot resistance suggests 
injury in other respects, and aunnaaiee the importance of minimum weight 
and suitable wheel equipment for all timers machinery. 

The draft of plows designed for ordinary spceds increases rapidly 


with increases in speed. 
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Fig.6 — Apparent effect of packing by tractor wheels on draft 


The deviations from the first approximation line in Figure 6 are plotted 
against the weight of the plow in pounds per square inch of furrow slice, and 
an approximate line fitted to the points, passing as nearly as possible through 
the center of the group 
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Fig. 7 - Effect of weight of plow on draft 
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Drati deviation from Fi 


Dratt deviotion from Fig.8 


The deviations from the first approximation line in Figure 7 are plotted 
against type of rear support. The first approximation line was fitted as before; 
points representing plows 22, 23 and 24 having similar bottoms, were used as 
guides for the slope and the second approximation line was fitted as shown 
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No rear _ Rear wheel | Rear wheel 
wheel incomplete support — full Support 


Fig.8- Effect of type of rear Support on draft 
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The deviations from the first approximation line in Figure 8 are plotted 
against the ratios of actual to normal for plows of the same sizes and of good 
covering ability 
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Fig. 9- Effect of slope of moldboard at mid-section on draft 





Figure 4.-— View of test frame and dynamometer cart showing 


alignment of equipment for operation. Notice width gage (a) on plow 


and fully adjustable rear wheel (b) arrangement that can be set to 


hold any standard plow bottom in its proper position. 
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Droft per sguore inch of furrow slice cross section (pounds) 


Speed (miles per hour) 
Fig.10- Draft tests showing effect of speed 
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Speed (miles per hour) 
Fig.1|- Curves determined by method of least squares 
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Figure 3.- Cable tractor arrangement used for draft tests. 


It consists of a 30 H. P. tractor with a hoist mounted in the front 
and arranged to drive from the belt pulley through a standard three 
speed auto transmission. The motor is equipped with a specially 
designed throttle adjusting governor arrangement. By adjusting the 
governor for varying motor speed and by using the different speeds 
an the transmission it is possible to obtain any cable speed between 


-9 and 6.8 miles per hour. 





Figure 1.- Cable tractor and dynamometer cart as arranged for draft 
tests. The dynamometer cart carries the plow hitch at the proper height. 
and keeps the plow cutting uniformly at its normal width. : 





Figure 2.- Dynamometer cart designed to carry dynamometer and front ; 
end of plow when uaing the cable tractor. All adjustments are made by crank 
or similar device over a graduated scale. Adjustments of drawbar on cart 
are recorded and thus it is always possible to duplicate ‘any adjustment. 


